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THE PHOTOELZCTRIC LIGHT CURVES OF YY SAGITTARII AND
RS CARUM VENATICORUM.

St

Purpore
As stated in the contract schedule, the purpose of this project
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was to conduct s photoelectric and spectroscopic study of bimary stars
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having messurable apsidal motion. In the course of the work it was found
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to be more efficient to concentrete oa the photoelectric siudies, and
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this was done.

_Iptroduction

U Gl Dbl g

b —

The theory of apsidal motionts 23, has shown that there is a close
relationship botween the degree of central mass condensation of the com-

ponents of a binary star system and the rate of advance of the line of

apsides. Compilations of the best existing observationsl datal"5:6’ have
shown that for most stars these condensations are similar to those of
polytropes whose indices lie bstwsen 3 and k. There mey also be a trend

tovard higher condensations for later apectral typss, elthough in view of

the uncertainties in the data, this stetsment cannot be made with assurance.

The theory of stellar interiors involves meny unknown paramsters
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L A kA0 M, 5 L W WP, 40 0T Pl R

which describe the relative abundances of the slemsnts at different points
within a star. In addition, the theory is subject to serious uncertainties

as to which physical processes govern the dynamical condition of the
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stellar material at various depths within the star.

. -nsell, M. N. B8, 6a1, 1G28.
Cowling, M. N. 98, 734, 1938.
Sterne, M. N. 99, 451, 1938.
Rusaell,  Ap. J. 90, 641, 1939.
Sterne, M.N. 99, 662. 1939.
Keller, Ap. J. 108, 347, 1948.
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Conssquently, it is very desirable to imporve the observational data on

RUNERTD

the apsidal motion of stars as much as possible in order to provide another

3 reliable criterion with which tc judge the merits of the various proposed
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stellar models. In addition to the periods of the apsidai motion, it is
esgential thet the relative.radii of the components of the binsry be

determined accurately, since ths computations depend sensitively on these

quantities. If thke orbital eccentricity is largs, it toc must be known
with some prscision. A reasonable estimate of the mass ratio aleo is

nesded. For these reasocns, as well as the need for high precision in
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determining the displacement of secondary minimum, photoelectric cbaer-
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vations are indicated.
. 2 Two stars, YY Sagitterii end RS Canum Venaticorum have bssn well

observed, and & third, RU Monocerotis, is currently under obsservation, In
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this report we-ahall sixe the light curves of the first two stars, and
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certain preliminary obse~vations with regard to their aspsidal motion.
Mr. Nelson Limber, an arts graduate student at Ohio State University, is

now analysing these curves in order to obtain their orbital elements.

¥

The Instrument

k)

All obsarvations have besn mede with the 36 inch reflector at the
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Steward Observetory, Tucson, Arizone. The photometer, whoss gensitive

slement is a 1P21 photomultiplier tube, was dssigned by Carpenter and
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Wood. The A. C. amplifier wes designed and dbuilt ty Gertlein. Recording
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. is performed on a leeds and Northrup Speedomex.
It was found thet the amplification is not strictly linear, the

deflection varying as ebout the 0.9 power of the signal. In view of this

fact the instrument was freguerntly calidbrated by meens of artificial
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light sources. The internal consistancy of various calibrations made under
differing experimental conditions lead us to believe that the csllbration
is good to ebout 0.5 per cent. The source of the non-linearity is arpar-

ently ir the ampiifier, and not in the optical system.

Obse.rvational Procedu_z_'_e_

Puring all of the observatlions at least two comparison stars were
used, and in meny ceses three. In this way a running check con ths cali-
bration was obtained, assuming, of course, that the comparison stars them-
seives were not variable. Alternats two minute rums on the varisble
stars and comperison stars were employed. Shorter runs were not feasgitle
becauss of short period fluctuations in the background. The mean sky

intensity was measured after every few stellar observations.

Reductions

All cbservstions wore first corrected by the calibration curve, and
then for the sky backgrouné. Differsntial sxtinctions wers corrscted
for - on the basis .f the &m=0.35 sec ¥ law. Sevaral indspendent dster-
minations of the coefticient 0.35 gave the same result to % 0.02, using
both type A2 end F5 sters. Since no filter was ussd with the photomster,
there is rsason to be concerned ebout the chenge in extinction cosfficisent
with wave length.

Several specisl runsg wers mede tc establish the rslative luminos-
ities of the comparison stars. Thereefter, when computing its luminos-
ity, the variabls was elvnoys compered with the avsrage of the preceding

end follcwing comparison ster observations, regardless of which ones

these stars happened to bde.
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YY Segittarii (B.D. - 19° 5148; 18% b1B7; - 19° 27' (1950) 40.)
This star was discoversd to be a variable oy Miss Cannon7. It was
first observed visually by Zinner8 vho, obtained a period of 1.31 deys.
Kordylevski9 published the first light curve. He found that Zinner's
period should be doubled, and moreover that the secondary minumur is
markedly displeced, e result which Zinnerid subsequently confirmed.

11 and later Shepley and Miss Svop312 published results

Shaplsy and Keller
bassd on meesuremsnts of the Harverd patrol plates. Thsy euggested the
followirg ephemeris for primary minimum, which has besn smployed throughout
by the present authors:
Pr. Min. 2819467.0871 + 2.628484k1 E.  (1).
Shapley and Swope found that the depths of primary and secondary

minima were 0.55 and 0.53 magnitudes reepactively. They estimated the

period of apsidal motion to be greater than 300 yesars, and the accentr-

icity to bo grester than 0.15. They detected no difference in the widths

of minimsa. Russelll3 , partly on the basis of the near eguelity of the
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widths of minime, estimated that e = 0.17 end P' = 350 yras. later Storne’
computed the psriod of apsiisl motion on the basis of some additicnal
unpublishsd msasurss of Miss Swops, employing the elements rl/A = 0.127
and re/A = C.127 due to Mrs. Shapley. Sterns's results, based on 2 lsast

square £itting to the data, are s = 0.140 * 0.01C and P' = 282 * L9 grs.

7. Pickering, K. C. 137,1500.

8. 2imner, A. W. 190, 377, 1917 195, 460, 1913, Astr. ab. 4C, 1922. *
9. Rordylewski, A. A. ¢. 1, 35, 1930. {
10. Zinner, A. ¥. 239, 60, 1930. i
11. E. Shepley and K.¥W. %zliler, 3. B. 893, 6, 1933. i
12. B. Shaploy, and Swope, d. B. 95. 9, 1938.

13. Russell, Ap. J. 90, 6L7, 1333,
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In the present study the following compariscn stars were used:
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2 Barverd Pg. Relative P.E.
E & B. D. Megnitude Spectrum Luminosity
§ %} D -19°5140 9.55 A0 1.200 ¥ 007
: E -20°5243 9.80 F5 1.000
F-19°5147 10.09 A2 0.657 ¥ .005

Individual obssrvations in the neighborhoods of the minima are
giveon in Table I, and are plovted in Figures 1 and 2. Iunminosities ars
raferred to comparison star E =8 1.000. The probable error p. r obser-
vation iz about 1.3%. Normal points lying between the minime ers given

in Teble II. Sach point combines 10 observstions. The entirs light curve

will be found in Figure 3.
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, The prhases of minima at various epochs, referred to the ephemeris (1),
¥ aro given in Tabls III. Dr. Shapley =nd ¥'gs Swope huve very kindly per-
: é‘} mitted the authors to present thair results in greater destail then hers-
= z tofors. Since e cos &/ is approximately ecual to x f2 i-PS-PP ‘5_] 4

4 for sma'? e, where P  and r:‘ ars the phuses of sscondary snd primary

minimum raapectively for =ny spr.h end &’ is the longitude of periestron,
it is possidle to computs e cos & as a function of apoch. A plot of
these deta i5 to b2 found in Figurs 4 . Each point on the figurs is
surroundad by a box indicating the extent of the probasbls error. Thsa
point et 1853.5 is very unce -tain 3lepending on only two obsarvations of
suybnormel brightase~ near svcondery minirmm. It is not known whether
thege cbssrvaetions lis on the esscending or 7 iscending sids of ths minimum.
The top =nd boltom cf the shaled box corrsspond to thase two possibilities.
; It is clear that cttemptnz "o {it a cosine curve to Figure 4 is at

best en uncertain process, end il :8 not impossible that the period of
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apsidal motion iz very long. Tha sccentricity (which would equal the
amplitude of such a curve) is certainly greater than 0.15; with the
existing data, Russell's estimate of e=0.17 and P' =350 years seems feirly
raasonable.

RS Canum Venaticorum: (B.D. + 36°234k; 13D08E3; +36°12' (1950); Fin, G8)

L
The variaebility of this gtar was discoversd by Mme. Ca.raelcil in

1914. The orbitel period was first determinsd dby Hoffmeisterl” to be
approximatsly 4.797 days. In a later paperl6 he suggests that the period
may be varieble, and refutes a suggesting by Magginil7 that the period
should be only 2.4t days. Baker and Cummingspublished a corrsction to
Beffmeigter's per’od, and found that there is a period of constant light
during primary minimum. The first analysis of the light curve (bessd on
the 4.8 day period) was published dby Schneller?. s ephemeris,
Pr. Min. 2423579.34% + L 79794k =, (2)

is the one vhish has bean used in reducing the present obssrvations.
Schineller's observations suggest the existence of a secorndary minimum,
end. the observaticns made between eclipses indicats flat maxima of equal
cight.

Sitterlyeo hes published two light curves, cne based on ths Harvard
patrol plates, and the other based on observetions with the Princeton

visual photomster.

1L, Ceraski, A.K. 197, 256, 135i4.

15. Hoffmeister, A.N. 200, 178, 151%.

16. Eoffmeister, A.N. 203,249, 1G613.

17. Mazgini, Arcetri Pub. 34, G4, 1916.

18. Baker and Cummings, Laws 3xll. 2, 150, 1916.
16. Schmeller, A.N. 233, 361, 1928,

20. Sitterly, Princeton Comir. 11, 21, 1930.
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54 analysis ¢f the observed timss of minima shows a dsfinite non-linsar
relation between the phases of obser.:d primary minima (with reference
to his own ophemsris) and the epoch of observetion. Ho suggssts that
thers mey be a 26 year sinusoidal variation in the orbital period. Sitterly
ale~ cbeerved that the primary minimm of his visual light curve was
asymmetricas, particularly outside of eclipse. In addition, the meximum
. J1lowing primary min.mum zvsraged about 0.07 magrnitude brighter then ths
¢trer maximm. He attompted To uvxplain thls phencmenon by assumirg the
simulteneous exis-ence of a tidal lag and of differences in brightness
botween the advancing and following sides of the brighter star. e was
unable tc octain a reasonable f£it with the observel data on this basls,
and 80 left the cause of ths asymmstry unaccountsed for. On the other hand,
Sitterly's photographi~ light curve doss not show the asyrmstry, and hes
constant amplitude out)i%ggiéggmum. The diffsrsnce t.tween the two light
curves is psrtly due -0 tha lowsr accuracy of ths photographic measurements.
The Ha~vard platos wors slso moesured by Mics Pilaworth. A light curve
based on those new meesursments is glvsn by NMrs. Payne—Capos:hkinEl. The
times ¢” prirery mininun wore al3o redstermined, thsreby strongthsning
tha evidencs in favor of « variation in the orbital period. Ths photo-
grapnic light curve derivea by thsse workers does exhibit a sscondexry
minimum of about the same dopth as thet of Sitterly’s viwual curve.
There is some evidence that diring the epoch of Sitisrly's observa-
ticas the photographic light curve mey have shown sn inequality in tha

heights of mexima, and in the seme direction Sitterly found visuelly.

21.  C. Payne-Geposchkia. Proz. Am. Phil. Soc. 81, 186, 1939; Eorvard Rpt.
No. 170.

7|
3
H
3

A

Vb L

(M b At o




Mrs. Payne-Gaposchkin suggests that there mey sven b3 a rluectuation in
the heights of maxima which 1s correlated with the fluctuation in orbitel
period. As shs points out, however, the accurecy of her data is such that
the support which they zive to this sugzestion is only of “possible
significance”.

A spostrogscopic study of the system has been made dbe Joyee. He finds
that the radial velocity curve does not show a measuraeble eccoentricity of
sit. The spectral type of the brighter, smaller star is Fir, and that
ot the larger, fainter star is 4G8. Joy remerks on the fact, also noted

by other observers, that elthough the absolute magnitude and spactrum
would place ths fainter componsnt among the dwarfs, its slze and mass would

place it among the subgiants.

’ In the prssent siudy the folluwing comparison starsl? were used:
Schneller's Rolative
B. D. Pg. Magnituds Spectrum P.E. Luminosity
1.  +35°2k21 7.95 F5 1.560%.020
5. +35°2422 S.21 G0 1.000
6. +35°21138 9.22 50 0.556%.010

Individual observations in ths noighbcrhoods of the minima are
givon in Tabdls TV,and are plotted in Figurss5 and 6. Luminosities ers
raforred to comparison atar 5. Thore sppears to be & systematic differ-
encs betwesn the luminosities near the bottom of priuwary minirmum es
measured on 4ifferant nights. Vaile it is pogssible that there arc intrinsic
fluctuations in the dbrightnoss of the feinter atar, thers is also the

possibility thet systematic observcoilional errors mey be responsib.’i.ee3 .

3 5. doy, Bp. 372, M 1.
23. Vo are indebted to Dr. Juhn Irwin for a discuesion on this point.
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The nights on which higher lumirosities were recorded occurred in the late
spring, at which time the atmosphere over Tucson i8 ccnsiderably nire
humid. This would have ths effsct of obscuring the ultraviolet more
strongly than the longer wave lengths, i.e., of meking a red star appesr
brightor when cumpared to a blue star. The light during primery minimum
comes largely from the G8 star, and our comparison stars in this light
rangse aras of type GO. The effect cf the watsr vapor absorption would thus
be to increase *he relative luminosity of the variable during the minimum.
The effect would alpo be increased by the abssnce of a filter to reduce the
amount of ultraviblet radiation trensmittsd to the photocell. A further
study of the data mey yield a mothod of estimating the veriebls weter
vapor absorption offect, in which case suitable corrections will bo mads.

’ Hormal pointa lying betwsen the minime are given in Tebls V. IZach

It will be noted that the meximum which follows primery minimum is unmis-

takably higher then the othor maximum. This confirms both Sitterly's

and Mrs. Payne-Gaposchkin's obssrvetiors for ths epoch near J.D. 2423000.
It hag occurred to ths writsrs that = clus to ths difference in the

heights of mexime might be found in similarities bstween the systsm

RS CVn and U Csphei. Ths brighter component of U Cep is a rapidly rotating

B3 or BY starzh, which mey be compared with the Fin component of RS CVn.

The feinter components ars 32 a2nd G8 sters raspectively. They heve lines

of normal width and their redii ars considersbly larger than those of the

earlier type companions. The similarity of the light curves of ths two

8 24. 0. Struve, Ap. J. 99, °22, 154k,

ot
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point combines 10 observetions. The entire light curvs appesars in Figurs 7.
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systems has frequently besn noted.?'5, particularly the asymmetry of the
primery minimum nsar the shouldsrs. It is interssting to speculate on
what would heppen if RS CVn wors attonded by streams of gas in a fashion
sinilar tc that proposed by Struve for U Cephel and SX Cassiopelae. 1ot
it be supposed that a hot stream of gas is flowing away from the leading
edge of tha Fh star, and a coolsr stream i1s returning to that star's
trailing edze from the G8 star. Then the vncovering of the hotter sgtream
following primary oclipse would tend to give the sharp rise in the light
which follows primary minimum., The seme stream would be eclipsad mors
slowly prior to primary eclipss, since at that time it presumsbly would

be oriented at an appreciable angle to the lins of sight. As an extension
of the hypothesis, one could argue tuat after secondary minimum the streanm
of cooler gas returning to the trailing edge of ths brighter star would
partially obscure ths hotter streem. The effact would be to reduce the
total amount of light rsceived during the oncoming pariod cf meximum light.
Unfortunstsly, in the case of U Cephei, the meximum following the sescondar,
minimem appeers to bc the brighter, so that it is necessary to find some
razson why ths effect should bz reversed.

Vhile it is not felt thet the explenction of the gsymmetry of pri-
mary mnminimu: on the basis of the gas streama can be considersd very
seriously without supporting spsctroscopic evidence, it is worthy of con-
sideretion bofor: ettempting a preclse quantitative esnelysis of the light

curvs on the basis of other nypotheses.

25. Sitterly was let to apply Dugen's mathod of enalysis for U Cephsi
(Princton Contr. 5, 192C) to RS UVn because of this similarity. A
more rocent light curve ©or U Cep is given by Walter, A.N. 276,225,
1948,

"
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The obscrved phases of primary minimum are assembled in Table VI.
Most of these are taken directly from Sitterly‘s paper eftor conversion
©to Schnellor's ophemeris (2). Points due to Hingpele6 end tha authors
havs beon added. The same materiel, plus a group of points from Mrs.
Payne-Gsjoschxin's paperm' have been plotted in Figure 8. Since ths
lattor author does not give her initiel epoch, but implies thet her curve
agroes substantially with Sitterly's, we havs taken the liborty of assum-
ing an epoch so that both curves agres in all but the first few points.
The resulting plot suggests that Sitterly's surmise that & cyclic fluct-
uation of period cxists has been substentiatad. The length of the cycle
mey be closer to 35 years or morc, howover. The amplitude of fluctuetion
appeers to be about 0.00G of an orbital psriod.

It is not possible to obtain the phass of the sscondasry minimum with
very much precision. By considsring only the bottom portion of thet minimum
the Tollowing ostim:ts wos meds:

Phess of Secondary Minimum neer J.D. 2433017: C.489 % 0.002.

The diaspleccment of sescondary minimum from the position midwey between
rripery minime i3 thersfore
1.489 - 0.983 - 0.5C0 = 0.006 *+ 0.002 periods.

Ons m2y =sk whsther this is sufficient displacement to ellow the cyclin
changes in primery period to bo oxpleinsd on tho basis of the apsidsl motiom
hypothesis. Unfortunately, noither the time o1 sscondary, nor the presaat
digplecerent in phase of ths primery from zoro phase of the meen sphemsris
is sufficiently well imown. It does oppesr from Fiqurs 8 that the primacy
minimum would now be erriving tsfore the pradiction of a mesn ephemoris,
so thet in ony event the compuo® -4 displacement of secondary is in the dirsc-

tion which would bo required dy th: <psida) motion theory.

2. Hivpel. A.§ 251, 233, 155%.
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Summery
“° The photoelectric light curves of the sciipsing binaries YY Segittarii

and RS Canum Venaticorum are prescnted. It is found that ths orbitel

asccentricity of YY Sgr is greater than 0.15, and may do considersbly lergsr.

Ths primary minimum of RS CVn is esymmotrical near the shoulders, and

the mexima are of unequal height. It is suggested that streams of gas may
be present in this systom and contridbute to the asymmetry of ths minime.
The length of the period of primary minimum appears to vary in = 35 yser
cycle. The secondary minimum way et present be slightly displeced in the
direction to be expected if the varistion in primery period is the result
of epsidal motion.;\ Z_,Et is tho intention of the writers to enalyss ths light

curveg with the objsct of doriving the ¢larsnts of ths photometric ordbits.
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Tumi -
Epoch-Phase nosity
5170.96116 .891
.96522 .887
.96546 .891
.96731 .890
.963935 .866
.97088  .854
97334 83t
.97516 .828
97722 .800
.97902 772
.97976 .72k
.98224 760
.98735 .728
.98663 694
.58879 669
.99022 .655
.99223 634
.99360 .608
.99558 .598
5177.01304 .hg2
01574 561
.03190 L7588
.03397 .764
.0LT773 .885
.05000 .011
L0524 .897
.05U89 .884
51.80.04%54 .R05
.0ke18 .308
.048372 .830
03087 L3680
.05315 575
.O5432 .90k
5181.96056 .B92
.96304 896
.36559 .83g
.96833 .83€
.G7083 Bl
.97332 839
.57506 JT9R
97723 .803
97945 .786
.9811k 776
.96296 761

Table I.

YY SAGITTARII

Primary Minimum

Lumi -
Epoch-Phags nosity
5181.98545 €91
.98709 .696
.56901 653
.99102 621
.99364 621
.99779 .56k
5182,00122 511
.00354 .99
00571 Ry ol
.0080k .459
.01023 483
.01205 486
.01Lk09 .516
.01673 546
.01871 567
.02053 .587
.02257 61e
5154.97757 762
.90061 131
.a8191 LTh3
.98418 711
.9:5%* 678
etts 661
.~9ooh 635k
.92139 619
.95338¢ <593
L9541 5718
59734 533
.99948 531
5185.00093 .502
.00296 473
00436 479
.00522 U475
.00756 U455
L0901 489
.010%1 .489
01213 492
01506 196
013k6 545
L01744 .568
.0164%5 574
.02083 .533
02251 527
.22788 675

1k,

Lumi -

Epoch-Phase nozity
5185.030172 i g
.03298 781
.03443 715
.0364h 779
.03890 811
.04056 .823
.0k265 .85k
.0kk468 847
.oL62Y4 .360
.0u825 876
.05026 .888
.05197 .882
.05401 .564




B :
g Table I (cont.) 15. 3
g wr Secondery Miniium 3

E F Lumi - Lumi -
E § Epoch-Phese nosity Epoch-Phase nosity E
. % 5166.42171 600 5177.38564  .691
- = L2325 642 .39182 .706
: B 428k0 656 39438 .62k
1 L2977 .688 39665  .607
43167 728 .39885  .59h4
g L0112 55k
s £ 5169.42186 .57T1 L0378 551 :
E £ 42852 .653 .hos80  .k99
& 43058 666 40913 .534
43710 723 41150  .528 3
. -)-l»’-l—o5h -761 %
> B JLb363 794 s1%0.k206k 571 E
= X bh682  .83h 42325 568 3
- B 44875 .825 . 42566 613 3
-; 45081 .85k 42867 555 [
X L5221 877 L3612 735 3
E £ Ask62 877 3
= 45808 .886 5133.46477  .822 E
- b 16006 .393 . 46686 .892 3
E B L. 46302 .89k L6637 017 2
- 56511 .902 3
E I 16690 .911 5185.36224  .909 g
46907  .508 .36398 .863 3
E 57624 .805 ;
- £ 5171.36056 .93 37880 .787 i
E & 36222 927 38187 .761 3
E = 36436 .905 39476 .64k E
E & 36592 .992 39638  .59% E
: .36816 .883 39995 .605
.36999 .362 .40118 .618
E = 37173 .875 ko32h 560
e | 37392 851 .41280 Ritey z
5 .37561  .840 RINE gt .512 E

= £ .
2
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1

16.
Table II.

<
YY SAGTITARII

Normel Points

Probable
Phasge Iuminosity Error

0.05941 0.895 C.008
.06981 .896 .002
.08935 .884 .003
.11259 .88¢8 .00k
.13365 .887 .N02
.15326 .900 .003
.16711 .889 .006
.19733 .898 .002
L2224 .908 .003
.25563 .900 .001

.28105 .906 .008
3 .32599 917 -005
.35061 .g22 .003

47900 .893 .004
.52232 .909 .00k
) .55099 .895 .003
hing .60569 .919 .008
r .62Lkg .920 .002
64555 .926 .003
.66666 .922 .003
.T70333 .798 .003

3 .72090 .90k .005
E: 73278 .908 .006
3 LTh523 911 .00k

.T7490 913 .00k
.75995 .90k L0k
.B0649 .897 .003 ;:
82215 o1 .003 i %
.Bihlo .911 .010
.36047 .896 .004
.83556 .890 .003
.9%755 .93 .00k

= E
5

E

H

= HE

E_

- E

< r
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Table III.

YY SAGITTARII

Epoch and Phases of Observed Minima

Shepley and Swope
Epoch Primary Secondary e cos (i

-0.004 £ 0.005 0.47¢ t 0.015 -0.027 * 0.025
+ .002 .003 A7 .003 - .0hg .007
+ .00k .002 U459 .00% Noyst .007
- .001 .003 453 .00k - .072 .008
.000 .003 k6 .003 - .085 007
.002 .005 JLl3 .005 - .093 011
.004 .002 433 .002 - .12 .00%
005 .002 2 .002 - 129 004
.003 .00k A9 .003 - .132 .008

1893.5 ¥
1902.0
1908.5
1913.0
1917.5
1922.5
1927.5
1932.0
19%6.0

o b e
T AL AN A 0 AN
+ okt

3
3
=
3
=
%
%
&
4
3
=
=
=
B
z
b
=
El
=1
>
=
b
]
=
3
B
2
b
E
3
=
E
=
3
]
=
B4
=
=
3
2
A
4
3

Kordylewskl

1927.5% 1.5 +0.010 ¥ 0.003 -0.123 * 0.010

Zinnsr

&)

1913.0% 1.5 +0.005 t (©.002 0.4490 t 0.002 -0.088 * ©0.005

Kellsr and Limber

e e S gt M

e a0 S R SEMARAISEA S MmN Mo 1 ]

1949, L410.03 0.0075f 0.0005 0.45110% 0.0005 -0.1516% 0.0011

it s e

£
$1
£
£
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L P 50003 0
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2
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RS Canum Venaticorum

TABLE IV.

Lumi -
Epoch-Phase nosity
1965.92008 1.kg7

.92309 1.526
.92598 1.486:
.92978 1.431
.93082 1.457
.93156 1.406
.93386 1.397
93hLy 1.358
93507 1.32%
.93552 1.31€
.93600 1.313
.93668 1.338:
.95233 0.728
.9531% .718
95425 .667
.95490 646
95554 621
.95632 .601
95684 .585
.95807 .552:
.95862 .545
.95929 .519
.95981 .511
.96052 .516
.96111 176
.96182 452
.96234 L4520
9630k 429
.96354 L2k
.961433 423
L9648 .ho7
.96554 .29
.56602 .389
L3667 .39k
.96719 .395
.9F766 397
.96838 .397
.96910 391
.96972 389

Primary Minimum

18.

Lumi - Lumi -
Epoch-Phase nosity Epoch-Phase ncsity
1965.97051 .392 1966.99589  .405
.97113 <399 .99673  .kho2
.97191 3 .99746 1403
972k7 .500 .9982%  .ho2
97323 .392 .99889  .hk2g
97381 409 .95976  .ho03
Reygiteys 13 1967.00044  .LO9
97517 RAL .00115  .h1k
.97589 .ho2 .00310 .b52
o764k .396 .00388  .465
.97726 .397 L0061 473
.97786 107 .00547 4ok
.00607 .515
1966.96004 .522 .00669  .533
.96095 .504 .00759 .551
.96165 Lok .00824  .577
.96236 A7k .00935 .610
.963%23 451 .01022 .623
.96386 437 .01138  .670
96460 110: .01209  .699
.96538 Rt .01300 .732
.96606 Ja3 01370 .76
.96683 Lo7 .01453 .790
.96751 .hob .01526 .818
.96842 Lok .01595 .853
.96910 .4oo .01682 .875
.97059 .398 .0L773  .919
.97142 Lol .01862  .933
.97292 .39k .01967  .986
.97495 401 .02050 1.003:
.98177 .396
.98298 .390 1969.92126 1.463
.98567 420 .93052 1.443
.98653 400 93407 1.389
.98844L 410 .93488 1.368
.98971 .385 .93576 1.345
.99368 .396
.95518 408 1970.52083 1.431




TABLE IV. (continued) 19.
= RS Canum Venaticorum
= &
b Primary Minimm
&= Lum! - Lumi - Lumi -
i"’ Epoch-Phase nosity Epoch-Fhege mnosity Epoch-Phase nosity
= 1970.92212 1.466 1972.99515  0.397 1975.93533 1.386
B .92426 1.453 .99595 .bo3 .9%651 1.27h
5 .92677 1.484 .99689 .392 93730 1.256
= .92766 1.464 .99769 ko8 .93853 1.302
1 .92900 1.43% .99870 Lk .93963 1.248
B .92986 1.437 .999k1 5o .9koisl 1.191
e .93079 1.420 1975.00073 Lok .9k117 1.174
E .93215 1.466 .001€3 436 .94228 1.153
= = 93321 1.511 .00272 436 94351 1.079
= .93526 1.359 .C0346 166 .9kk16 1.030
e = 93644 1.332 .0okkg 492
= L9374 1.301 .00808 .573 1976.961€1 0.516
= .93853 1.274 .00883 .610: .96261 482
£ .93932 l..% .01011 .605: .96271 169
= .9ho011 1.165 .01090 .635 .96kk9 468
= = .94k102 1.177 .01190 625 .96715 430
= = .9k20ok 1.172 .01275 .681 .96812 433
& .9k280 1.149 .01536 .Bo6 .96592 416
. = .94k16 1.079 .017k9 .886 .96998 .38
s B .94503 1.034 .01870 911 .97109 a7
o % 94568 1.008 .01985 .991 97300 .h28
E = .9U635 1.006 .02140 1.053 .97423 1433
= = 94719 0.969 02216 1.1kk .97595 426
§ .94788 940 02335 1.190 .97695 Az
= 94878 .90k 02813 1.133 .98038 436
=4 .94952 .889 .02523 1.213 .98148 Jhoy
e 95033 .8u8 .02603 1.23 .98245 431
& .95117 .808 o3 1.279 .932g2 oy
e .95186 .786 02795 1.283 .68l (5 k7
&= .95338 732 02086 1.375 .98775 438
3 .95k08 .718 .0%3075  1.495 .9891) .19
g = .95499 .682 03195 1.k59 .99024 TS
E o .95571 .670 03428 1.490 .99541 435
B 95667 .625 0350k 1.52% -99641 Lk
E =& 95741 .615 .03694  1.553
& .95225 ST7 .03804  1.596 1978.00446 497
= .95987 .53k .03888  1.508 .00528 534
& .96081 .526 .0kof2  1.63% .00653 .576
e = .96163 486 .0k1h6  1.53% .00728 .5%0
E .96252 A7k .0h263  1.552 .00841 626
E = .9632k 469 .okk8c  1.541 -00916 .633
£ .96418 b2k 575 1.590 .0102R 627
o .96518 e 1974.04055  1.618 .01104 653
B .96596 RS H .0k233  1.545 .01226 .718
E = .96786 415 LOll1R 1.466 01304 722
=2 = < . 96885 . ’421 . 0&58?. 1. h99 . ‘:‘lL’ s . 798
E .96970 39 .01497 .815

W

o Aol ) P 0 0 B 293000 0 A NS, Sk 0 1 N 40 8 o

e a1,
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E % TABLE IV. (Continued)
2 RS Canum Venzticorum
3 Primary Minimum
E Lum3 - Lumi - Tumd -
E groch-Phase  nosity Epoch-Phase nosity Epoch-Phase nosity
3 1978.01599 .869 1968.45690 1.486 1969.49787 1.hk22
3 .01679 .902 L5781 1.477 49951  1.420
5 .01796 .GLo 45855 1.473 .50048  1.118
= .01889 .964 .45948 1.470 .50150  1.43h
.02012 .993 16022 1.455 .50268  1.hbh
.02087  1.003 L6110 1.467 .50341 1.455
.02193 1.019 46187 1.460 50831 1.447
¥ .02268 1.113 46278 1477 .50598  1.45h4
iz .02371  1.159 46360 1.446 50679 1.436
4 L0247 1.206: 46443 1,462 50774 1.460
ERE .02530  1.25€ 46525 1,462 .50848  1.hhk
< . . .02610  1.186 .51207 1.466
i .02686  1.259 1969.44828  1.4h1 51291 1.469
x 0235 1.326 .4h918  1.488 5139k 1.445
13 .02919 1.343 45015 1.475 51476 1.469
2 3 .03029  1.392 L5101 1.575 .51578  1.460
2 3 ;g; 03107  1.m5: L5213 1,537 .51650 1.498:
¥ .03288 1.43h RISES) 1.496 51788 1.459
1 .03372 1.425: 145399 1.ho4 .51821 1.468
4 .036L 1.506: LLsk7h 1.499
.03746 1.5C0 45588 1.495 1971.53143. 1.540
.03864 1.549: 45669 1.464 .53218 1.535
.03960  1.526 15785 1.476 .53350  1.501
.0k038 1.507 L4594k 1.508 53428  1.5hh
.oh173 1.536 L4600k 1.hk46: 53545  1.526
.ok278 1.523 .48106 1.466 .53619 1.548
LOb357  1.523 46198 1.488 53706 1.565
.Oll68  1.537 RTSTS] 1.482: 53780 1.511
46675 1.438 .53870 1.479
Sacondery Minimum L6768 1. kb7
4GBkS  1.460: 1973.43753  1.56k
1968.4056  1.499 47001 1.452: 43846 1,463
L4375 1.51k 48005 1.9 43985  1.556
4S8y 1.520: .418085 1.41% L2l L b8k
L6730 1.51% 48181 1.412: JA4303 1.438
Jhh7u6 1.511 .483237 1.432 A6 1,508 .
44853  1.522 A8hk27 1.6 L4623 1,510 i
4930  1.516 A8511 0 1.2 Julhte2  1.348 i
45020 1.506 .48606 1.402 44819 1.543 £
45108 1.9k 48689 1.u41k 45011 1.483 3
45195 1.517 ko1er 1.41k: 45124 1.480 2
5269 1.501 9223 1.425 E
45359 1.490 .59298 1.438 1974.46534  1.51k E
45430 1.500 Lokl 1.M12 46933 1.M7:
A5528 1,479 49548 1.368 4713 1.478
45621 1.484 JA4963% 1,407 47298 1.k71




TABLE IV. (Continued)

RS Canum Venaticorum

Secondary Minimum

Lumi-
Epoch-Phase nosity
197447521 1.499

47783 1.492
1975.49958 1.470
.50059 1.51h%
.50189 1.477
.51227 1.501:
.51308 1.498
51404 1.458
.51501 1.442
.51569 1.439
.51696 1.485
.51789 1.485
.51913 1.479
.52026 1.440
.52158 1.519
.52237 1.512
52331 1.48%4
1978.u3h24 1.477
43536 1.523
JA3629 1.59k
A3761 1.50k
43842 1.546
43950 1.551
L0622 1.467
L1160 1.53%9
L4285 1.560
L4389 1.539
LuiR6 1.511:
k5536 1.485:
.4368L 1.490
JABTTS 1.485
.45359 1.473
45956 1.508
1980.49730 1.430:
Jbe8sy 1.409
.50101 1.417
.50253 1.463:
50440 1.k2k
.50715 1.400:
.50806 1.44g:
.50955 1.441
.51080 1.488
.51252 1.509

Lum? -

Epoch-Phase noaity
1980.51398 1.462
.5152h 1.489
.51738 1.524
.51947 1.511
.52148 1.508
.52378 1.542
.52536 1.572
.527%3 1.461
.53051 1.613
.53160 1.577
.53293 1.532
.55436 1.586
.53569 1.589
S5TLT 1.495

At oot ¥
L A
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TARTE V.
®S Canum Venaticorum
Normal Points
Probable Probable

Phase Luminosity Error Phaeo Luminosity Error
05779 1.535 .006 64403 1.537 .007
CT797 1.54k4 .006 65233 1.538 .005
.09575 1.551 L0056 .65856 1.547 .00k
.10495 1.543 .005 .66723 1.550 .002
11423 1.546 .005 67945 1.557 .003
.12570 1.553 .00k4 69977 1.555 .003
.13849 1.570 .007 .70856 1.561 .00k
15294 1.573 .006 LTLTES 1.569 .005
.16309 1.602 .011 .73388 1.569 .007
17206 1.580 .00k .75405 1.588 .006
.17866 1.578 .003 .76011 1.568 .008
.18465 1.609 .005 .76470 1.567 .005
.19019 1.603 .006 .7698% 1.564 .008
.20277 1.598 .005 .77859 1.559 .007
.21164 1.590 .005 . 78668 1.539 .002
.21668 1.589 .00k .79519 1.545 .003
.22190 1.596 .008 .80362 1.536 .006
.22584 1.623 .0C5 .81129 1.537 .00k
.23212 1.595 .005 .82647 1.532 .005
.23817 1.608 .005 .83612 1.519 .003
.24509 1.597 .008 84313 1.524 .006
.2k999 1.605 .00k 84732 1.528 .008
. 25629 1.596 .006 .85210 1.529 .005
.26177 1.622 .009 .86469 1,522 .004
27314 1.619 .006 .88014 1.519 .00k
.30071 1.616 .005 .89129 1.500 .009
.32514 1.608 .00k .910L6 1.508 .006
L3469 1.649 .006 .91766 1.577 .00k
.35787 1.601 .003

.36872 1.596 .002

37623 1.625 .005

.38182 1.628 .006

.38865 1.596 .006

.39492 1.613 .012

207 1.549 .00%

11993 1.543 .005
.h2oug6 1.542 .005

143059 1.545 .0056

.5k403 1.505 .005

.55492 1.522 .008

56577 1.501 .005

.57505 1.526 .005

.58665 1.536 005

+59636 1.531 .00k

.60246 1.535 .006

L6179k 1.526 .002

62949 1.534 .00k

63734 1.553 .003
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ggoch end Phases of Observed Minima

TABLE VI.

RS Canum Venaticorum

Sitterly,
From Harverd Plates
JD Epoch + 3000
- and Phase
12270 643.036
12679 T28.0L49
15552 1327.051
15778 1374.028
15787 1376.026
15879 1395.032
16181 1458.026
16622 1550.028
16901 1608.021
16977 1624 .,025
17203 1672.C18
17285 1688.016
17995 1836.020
= 18057 1849.019
s 15489 1933.01%
19837 2220.007
19938 2241 .010
201k4 2284.095
20192 2294007
20245 2305.008
20269 2%10.008
20902 oil2,018
20960 254,001
20964 2455,006
21574 2582.003
21948 2659.999
22020 2674.999
23071 289%.995
23090 2898.003
<>
<r

Hoffmeister

D Epoch + 3000
—_ and Phase
20298 2315.996
20302 2316.995
20346 2326.003
20370 £3%1.002
20423 2341.992
20489 2356.004
20566 2372,007
20653 2389.993
20681 2369.021
21267 2518.002
21607 2588,00k
21982 2666.998
21986 2667.993

Sitterly, Visuel Obs.

22792
22697
22816
22831

208340

23095
23100
23162

23167

2835.998
2838.998
2840.999
2843.998
2845.999

2398.997
2099.999
2912.999
2913.997

Nijland & Godomski

23579

3000.001

25.

Schneller

JT Epcch + 3000
_end Phase

25249 3347.000
Himpel
27873.524 3895.00k

Keller & Limber

33016.8192% L4966.9632
+,0003
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